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Decoding the Role of Receptor Dimerization in Plexin-Semaphorin
Signaling
Adam W. Smith, Morgan Marita, Xiaojun Shi, William D. Comar.
Chemistry, University of Akron, Akron, OH, USA.
Plexin-semaphorin signaling plays an important role in the formation of neural
networks by acting as the guidance cue for axon growth or retraction. The
plexin receptor is a single-pass transmembrane protein with a sema domain
at the extracellular N-terminus and a GTP-ase activating protein domain on
the cytoplasmic C-terminus. Binding of semaphorin is known to activate the
plexin receptor, but the mechanism of how that binding event leads to activa-
tion is not understood.We will present our recent work using pulsed interleaved
excitation fluorescence cross-correlation spectroscopy (PIE-FCCS) to measure
plexin protein-protein interactions in live cells. PIE-FCCS transforms fluctua-
tions in fluorescence intensity (arising mainly from diffusion) into information
about a protein’s mobility and concentration. By cross-correlating the fluores-
cence fluctuations in two color channels, PIE-FCCS also quantifies co-
localization and co-diffusion with high accuracy. This method has been used
to resolve the mechanism of epidermal growth factor receptor (EGFR) activa-
tion and inhibition, as well as the dimerization constant of the opsin G protein-
coupled receptor. In this work we measure the ligand-free dimerization of
plexin receptors in live cell membranes and the response of the receptor to
semaphorin-induced activation.
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Synthetic Manipulation of PIP2 Levels and PIP2-Associated Chemotactic
Signaling Dissection in Dictyostelium
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Phosphatidylinositol 4,5-bisphosphate (PIP2) has been shown involved in key
chemotactic signaling pathways in Dictyostelium, but our understanding of
its roles in this signaling network is very limited. To explore the hypothesis
that PIP2 negatively regulate chemotactic signaling events, we used the
Chemically-induced Dimerization system, which allows inducible transloca-
tion of cellular proteins, to synthetically manipulate PIP2 level and dissect
the signaling events. In my current data, after I synthetically recruited the
PIP2-specific 5-phosphotase Inp54p to the plasma membrane, the PIP2
biosensor PHplcdelta fell off the membrane and the cells robustly oscillated be-
tween a spreading and a crunching morphology. Based on the localization
changes of PIP2-binding protein PTEN, the PIP2 levels may further go down
as cells spread, and rebound as cells crunch. In the same time, cells with the
spreading morphology, but not the other one, have clearly activated chemo-
tactic signaling events as shown by Ras and PIP3 biosensors, as well as highly
elevated F-actin along the periphery. Further, cells still carried out this response
when PIP3 production was diminished by the PI 3-Kinase inhibitor LY.
Remarkably, these signaling events seemed to prevail when actin polymeriza-
tion was greatly inhibited, as the signaling molecule PTEN showed a distinct
spiral wave pattern in LatA-treated cells. These suggest PIP2 negatively regu-
lates the chemotactic signaling network, at least partially independent of actin.
We propose that PIP2 serves as an inhibitory role on the upstream chemotactic
signaling molecule Ras; when PIP2 levels are decreased by Inp54p recruitment,
multiple parallel chemotactic signaling pathways get activated as a result of
Ras activation. Also in combine with previous evidence, we propose that PI
5-Kinase activation is downstream of PKBs activation, which up-regulates
PIP2 levels, shuts down the signaling events and leads to the crunching
morphology following spreading.
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Jong Bae Seo1, Seung-Ryoung Jung1, Weigang Huang2, Qisheng Zhang2,
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Hydrolysis of phosphatidylinositol 4,5-bisphosphate (PIP2) of the plasma
membrane by phospholipase C (PLC) generates two critical second messen-
gers, inositol-1,4,5-trisphosphate and diacylglycerol. For the enzymatic reac-
tion, PIP2 binds to positively charged amino acids in the pleckstrin
homology domain of PLC. Here we tested the hypothesis that positively
charged polycations accumulate around the negatively charged PIP2, a process
called electrostatic charge shielding, and therefore inhibit electrostatic PIP2-PLC interaction. Perfusion of the cations into cells via patch clamp pipette
reduced PIP2 hydrolysis by PLC as triggered by M1 muscarinic receptors in
the charge density-dependent manner. Accumulation of divalent cations into
cells through divalent-permeable TRPM7 channel had the same effect. This
charge shielding of PIP2 was measured quantitatively with an in vitro enzyme
assay using WH-15, a water-soluble analog of PIP2, and various recombinant
PLC proteins. Reduction of PLC activity by multivalent cations was well
described by a theoretical model considering accumulation of cations around
PIP2 via their electrostatic interaction and chemical binding. Altogether we
suggest that endogenous divalent and multivalent cations modulate the activity
of PLCs by controlling the amount of free PIP2 available for the enzymes. This
work is supported by National Institutes of Health grant (DK080840).
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Soluble and Immobilized Vegf Induce Distinct Patterns of VEGFR2 Phos-
phorylation Mediated by Intracellular Trafficking
Lindsay E.W. Clegg, Feilim Mac Gabhann.
Institute for Computational Medicine and Department of Biomedical
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Vascular endothelial growth factor (VEGF) is an important regulator of blood
vessel growth. Matrix-binding and non-matrix-binding isoforms of VEGF stim-
ulate production of blood vessel networks that are structurally and functionally
different. Here, we develop a computational model of the binding of soluble
and immobilized ligands to VEGF receptor 2 (VEGFR2), endosomal traf-
ficking of VEGFR2, and site-specific VEGFR2 tyrosine phosphorylation to
study differences in induced signaling between these VEGF isoforms. We build
our model using experimental data in multiple cell lines, under different condi-
tions, from several groups. In capturing essential features of VEGFR2 signaling
and trafficking, our model suggests that VEGFR2 trafficking parameters are
largely consistent across multiple endothelial cell lines. Simulations demon-
strate distinct cellular localization of VEGFR2 phosphorylated on tyrosines
1175 and 1214. This is the first model to clearly show that differences in
site-specific VEGFR2 activation when stimulated with immobilized VEGF
compared to soluble VEGF can be accounted for by altered trafficking of
VEGFR2 without an intrinsic difference in receptor activation. The model pre-
dicts that Neuropilin-1 can induce differences in the surface-to-internal distri-
bution of VEGFR2, and that ligated VEGFR2 and phosphorylated VEGFR2
levels diverge over time following stimulation. We validated our model by suc-
cessfully predicting changes in VEGFR2 phosphorylation resulting from per-
turbations of multiple phosphatases acting on VEGFR2. Using this model,
we identify multiple key levers that alter how VEGF binding to VEGFR2
results in different coordinated patterns of multiple downstream signaling path-
ways. Specifically, simulations predict that perturbations of VEGFR2 traf-
ficking (e.g. via VEGF immobilization), interactions with Neuropilin-1, and
changes in expression or activity of phosphatases acting on VEGFR2 all affect
the magnitude, duration, and relative strength of VEGFR2 phosphorylation on
Y1175 and Y1214, and they do so predictably within our single consistent
model framework.
1303-Pos Board B254
Measuring the Energetics of EphA3Dimerization in LiveMammalianCells
Qingqing Cao1, Deo R. Singh1, Chris King2, Matt Salotto1,
Kalina Hristova1,2.
1Department of Materials Science and Engineering and, 2Program in
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EphA3 is a member of the largest family of receptor tyrosine kinases, the Eph
receptor family. Mutations in EphA3 are known to cause lung, colorectal and
hepatocellular cancers. Unlike other subfamilies of RTKs, the Eph family re-
ceptors form clusters upon binding to their ligands. However, the interactions
of EphA3 in the absence of ligand are not well characterized. We used two-
photon microscopy in conjunction with spectral FRET to characterize the
dimerization of EphA3 in the absence of ligand in HEK293T cells. We
measured the dimerization propensity of EphA3 and compared it to the dimer-
ization of the EphA2 receptor. Our results show that unliganded EphA3 dimers
are more stable than unliganded EphA2 dimers.
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Local Bilayer Reorganisation by the JM Regions of All Human RTKs: A
Multiscale Molecular Dynamics Study
George Hedger, Mark S.P. Sansom, Heidi Koldsø.
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The functional activity of membrane proteins is known to be modulated by
lipids in the surrounding bilayer. In particular, the activity of the epidermal
growth factor receptor 1 (EGFR) has recently been shown to be regulated by
both GM3 in the outer leaflet[1], and by PIP2 in the inner leaflet
[2]. Additionally,
258a Monday, February 9, 2015combined computational[3,4] and experimental[2,5] studies have demonstrated
binding of the juxtamembrane (JM) region of EGFR to anionic lipids within
the inner leaflet, which is thought to be functionally significant for receptor
dimerization and activation.
Using a multiscale molecular dynamics approach, we have explored interac-
tions of all 58 human receptor tyrosine kinases (RTKs) with anionic membrane
lipids. Our results reveal that the JM regions of these receptors are able to
induce clustering of anionic lipids into ordered ring-like patterns around
the transmembrane helix in both simple asymmetric bilayers, and more com-
plex physiological bilayers which mimic the additional complexity found in
vivo[6]. The behaviour we observe is driven primarily via electrostatic interac-
tions between basic residues within the JM region, and negatively charged lipid
head groups. The insights these simulations provide are of interest both for
understanding RTK structure and function, and in the wider organisation of
proteins and lipids within bilayers.
1. U¨. Coskun, et al., Proc Natl Acad Sci USA, 2011, 108, 9044-82.
2. I.E Michailidis, et al., Eur J Physio, 2011, 461, 387-3973.
3. A. Arkhipov, et al., Cell, 2013, 152, 557-5694.
4. K.B. Halim, H. Koldsø, M.S.P. Sansom, Biochim Biophys Acta, 2014; http://
dx.doi.org/10.1016/j.bbagen.2014.09.0065.
5. C. Matsushita, et al., Proc Natl Acad Sci USA, 2012, 110, 1646-16516.
6. H. Koldsø, et al., PLoS Comp Biol, 2014, (in press)
1305-Pos Board B256
The Dipole Potential Influences the Clustering of ErbB Proteins
Tamas Kovacs, Agnes Szabo, Janos Szollosi, Peter Nagy.
Department of Biophysics and Cell BIology, University of Debrecen,
Debrecen, Hungary.
ErbB proteins are receptor tyrosine-kinases and their signal transduction mech-
anisms play significant roles in the pathogenesis of tumors. Their homo- and
heteroassociations lead to activation of signaling. The role of the extracellular
domain is well-known in regulating receptor clustering but the transmembrane
domain may also play a role. Dipole potential is a large positive potential bar-
rier at the membrane midplane created by inward-pointing molecular dipoles at
the interfacial planes and it might influence the functions of transmembrane do-
mains of receptors.
6-ketocholestanol and phloretin were used to increase and decrease, respec-
tively, the dipole potential. Their effect was evaluated by the dipole potential
sensitive fluorescent dye, di-8-ANEPPS. The homo- and heteroassociations
of ErbB proteins in serum-starved and EGF-stimulated SKBR-3 cells were
measured by flow cytometric fluorescence resonance energy transfer and by
fluorescence microscopy using number&brightness analysis. The functional
effect of changing dipole potential was determined in both starved and stimu-
lated cells using flow cytometry by indirect labeling of tyrosine-phosphorylated
proteins by PY99, phosphorylated ErbB2 by Ab18 and phosphorylated ErbB1
by anti-pEGFR antibodies.
The dipole potential was successfully increased by 6-ketocholestanol and
decreased by phloretin in SKBR-3, JIMT-1 and CHO cell lines. An in-
creased dipole potential resulted in a significant increase in ErbB2-ErbB2 ho-
moassociation both in starved and EGF stimulated samples, it increased
ErbB1-ErbB1 homo- and ErbB1-ErbB2 heteroassociation in stimulated
cells, while decreasing the dipole potential caused a non-significant
decrease in most samples. The effect on homoassociations was confirmed
by number&brightness analysis. Ketocholestanol increased and phloretin
decreased ErbB2-, ErbB1-specific and general tyrosine phosphorylation in
EGF stimulated cells.
The dipole potential may play an important role in controlling the homo- and
heteroassociation of transmembrane receptors. Intentional or accidental modi-
fication of the dipole potential by drugs might result in modified signal trans-
duction processes.
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Homo and Hetero Dimerization of Receptor Protein Tyrosine
Phosphatases
Elizabeth Dembicer, Maxwell Watkins, Damien Thevenin.
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Many cell-signaling events are regulated through reversible tyrosine phosphor-
ylation of proteins, which is controlled by the counterbalanced actions of two
key enzyme families: Protein tyrosine kinases (PTKs) and protein tyrosine
phosphatases (PTPs). Interestingly, both families include transmembrane
receptor-like enzymes, namely the receptor tyrosine kinases (RTKs) and the
receptor-like PTPs (RPTPs). While the regulation and actions of many RTKs
are well characterized, the mechanisms controlling the enzymatic activity of
RPTPs and how they interact with their substrates remain to be fully explained.
Thus, understanding how these receptors function and interact will give funda-mental insights into how tyrosine phosphorylation is finely tuned in cells, and
how it can be modulated.
Homo-dimerization has been shown to regulate the activity of several RPTPs.
Even though the transmembrane (TM) and the juxtamembrane (JM) domains
have been proposed to be involved in this process, there is no clear structure-
based proposal for the role of these regions. Moreover, several RPTPs have
been identified as candidate regulators of RTKs. For instance, the phosphory-
lation of the epidermal growth factor receptor (EGFR) is reduced upon expres-
sion of PTPRK or PTPRJ. Particularly, EGFR was shown to physically interact
with PTPRJ and PTPRK at the cell surface. However, the contact interface be-
tween these receptors is unknown.
Here, using a dominant-negative transcriptional activator-based assay (DN-
AraTM), and mutagenesis, we show that: (1) several RPTPs have a tendency
to homo- and heterodimerize, (2) PTPRJ heterodimerizes with EGFR through
TM-TM interactions, and (3) these interactions are mediated by specific resi-
dues. This work represents the first structure-function study of RPTP-RTK
interaction.
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In vivo Thermodynamics of RTKS in the Cell Membrane: Quantitative
Spectral FRET
Christopher R. King, Kalina Hristova.
Biophysics, The Johns Hopkins University, Baltimore, MD, USA.
Here, we introduce a new quantitative FRET method (qs FRET) that allows
for the measurement of apparent FRET efficiency and the concentrations of
donor and acceptor-tagged membrane-bound proteins in cell-derived vesicles
and live cells. This new method utilizes two-photon excitation and spectral
imaging technology, where the complete emission spectrum of each pixel in
an image is acquired. We utilize this method to measure the equilibrium as-
sociation constant of fluorescent protein-tagged Receptor Tyrosine Kinases
in live cells.
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Comparison of EGFR Dimer Stabilities in the Presence and Absence of the
Ligand EGF
Matt Salotto1, Deo R. Singh1, Chris King2, Pat Byrne2, Daniel Leahy3,
Kalina Hristova1.
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MD, USA, 2Molecular Biophysics, Johns Hopkins University, Baltimore,
MD, USA, 3Biophysics and Biophysical Chemistry, Johns Hopkins
University, Baltimore, MD, USA.
EGFR is a member of the ErbB family of receptors. EGFR consists of a glyco-
sylated extracellular domain, a single pass transmembrane segment, and an
intracellular domain with kinase activity. Mutations or increased expression
of this receptor have been linked to human cancers. EGF is a ligand that binds
and activates EGFR. It is generally accepted that EGF binding increases the sta-
bility of EGFR dimers. However, the magnitude of this stabilizing effect has
not been quantified yet. Here, we used spectral FRET, combined with two
photon microscopy, to study the dimerization of EGFR in plasma membranes.
We observed significant stabilization of the EGFR dimer in the presence of the
EGF ligand. These data allowed us to quantify the increase in EGFR dimer sta-
bility upon EGF binding.
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Template-Directed Assembly (TDA) of membrane-associated proteins is a
discovery tool that has been in use for some time. There is an abundance
of data that suggests that recombinant proteins cloned without their transmem-
brane or membrane anchoring domains do not behave as they do in the cell.
TDA technology utilizes the common affinity tag (multi-histidine) to assemble
recombinant fragments of membrane targets (single pass cytoplasmic or extra-
cellular) onto liposomes incorporating Ni-chelating headgroups. In many
cases, these assembled recombinant proteins demonstrate cell-like activity
and selectivity. Despite the abundance of activity data that exists, there is a
relative paucity of biophysical characterization of these systems. Importantly,
it has been proposed that TDA-assembled molecules are conformationally
distinct from the unassembled cloned fragments and more cell-like in char-
acter. Using differential scanning calorimetry (DSC), we present data
comparing the thermal stability of TDA-assembled cytoplasmic domains of
transmembrane receptor tyrosine kinases to unassembled RTK domains. We
also compare thermal stability of the RTK domains in conditions previously
